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Microbial colonization, followed by succession, on newly exposed volcanic substrates 
represents the beginning of an early ecosystem development. During early succession, 
colonization by mosses or plants significantly alters the pioneer microbial community 
composition through the photosynthetic carbon input. Microbial communities in tropical 
volcanic ecosystems, particularly in Asia, have not been well characterized. The 
affected area of the 2010 Mt. Merapi eruption showed the the appearence of 
moss-covered patches in the volcanic deposits in 2013 and thus provided a unique study 
site to know the development of the early microbial community in relation to the 
pioneer plant colonization and further soil formation. Although many studies have been 
focused on the geology and biogeochemistry of volcanic systems of Mt. Merapi, 
information about its microbial ecology is very limited. Therefore, the aimed of this 
study were to know the effect of pioneer moss colonization on the early development of 
soil bacterial community, to characterize the pioneer culturable bacterial communities 
and obtain the key bacteria in volcanic deposit suggested by the molecular ecological 
approach, and to discuss the role of pioneer bacteria in the microbial ecosystem 
development on the volcanic deposits. To this end, a combination of molecular analysis 
such as quantitative real-time, terminal restriction fragment length polimorphism, and 
454 pyrosequencing of the 16S rRNA gene were used to determine the bacterial 
diversity and the community composition. Samples were collected from the unvegetated 
(BRD) and the moss-covered (BRUD) sites. Forest site soil (FRS), near the volcanic 
deposit-covered area, was also collected for reference. Additionally, attempts were made 
to isolate key bacteria in volcanic deposit suggested by pyrosequencing data by using 
four low-nutrient culture media namely conventional R2A medium, 10-fold diluted R2A 
medium, 100-fold diluted nutrient broth, and Dobereiner’s N-free medium. 
BRD and BRUD harbored relatively high culturable cell densities (1.7-8.5 × 105 CFU 
g-1) despite their low total C (<0.01%). Comparing with BRD and BRUD, FRS showed 
higher CFU (3 × 106 g-1); however, CFU per unit amount of carbon was lower than 
those of BRD and BRUD. Pyrosequencing analysis of 16S rRNA genes revealed the 
BRD bacterial community was characterized by relatively higher number of 
betaproteobacterial families (or genus), represented by the chemolithotrophic 
Methylophilaceae, Leptothrix (insertae cedis in Burkholderiales), and Sulfuricellaceae. 
In contrast, BRUD was predominated by different betaproteobacterial families such as 
Oxalobacteraceae, Comamonadaceae, and Rhodocyclaceae. It was noted that some 
bacterial (Oxalobacteraceae) sequences were phylogenetically related to those of the 
known moss associated bacteria. In the FRS community, Proteobacteria was the most 
abundant phylum, followed by Acidobacteria, whereas the family Burkholderiaceae 
was observed to be the most prominent bacterial family within FRS. These results 
suggest that an inter-family succession of Betaproteobacteria could have occurred in 
response to the colonization by mosses, followed by plants. 
A total of 171 bacterial strains were obtained from BRD (50 isolates), inorganic BRUD 
(BRUID, 49), BRUD (46), and FRS (26). The isolates were classified into 105 groups 
by genomic fingerprinting with BoxAIR primers then classified into 36 different 
bacterial genera in 6 phyla, Proteobacteria, Actinobacteria, Firmicutes, 
Deinococcus-Thermus, Bacteroidetes, and Verrucomicrobia by sequencing their 16S 
rRNA genes. BRD, BRUID, and BRUD had similar bacterial profiles predominated by 
Proteobacteria and Actinobacteria, while Firmicutes and Bacteroidetes were abundant 
in FRS. The pioneer culturable bacteria represented by Burkholderiaceae bacteria in the 
class Betaproteobacteria, Bradyrhizobium (Alphaproteobacteria), and Arthrobacter 
(Actinobacteria) could be isolated. Comparative phylogenetic analyses of isolates and 
related known cultured strains and uncultured clones were performed to discuss their 
probable in situ function in relation to weathering and biogeochemical cycling.  
In conclusion, the investigation of this study to characterize the three-year-old volcanic 
deposits of Mt. Merapi, Indonesia resulted in a culture collection of 145 isolates. Further, 
the high abundant of Betaproteobacteria and the intra-family succession of this group 
might give a better understanding of the microbial colonization in the volcanic 
environment during early primary succession followed by plant colonization. In addition, 
this insight will contribute to a better understanding of soil formation process in 
volcanic environment particularly tropical volcanic environment of Southeast Asia. 
 
